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NON-LINEAR MAGNETIC FIELD DISTRIBUTION IN 
VACUUM INTERRUPTER CONTACTS 

I. Background 

A. Field of the Invention 

[001] This invention relates generally to the devices for interrupting 

electrical currents and more specifically to contact assemblies for use in circuit 
breaker assemblies. 

B. Description ofthe Related Art 

[002] In the field of circuit breakers many power vacuum interrupter contacts 

rely on axial magnetic fields (AMFs) to accomplish interruption of high short circuit 
currents. In these designs the AMF strength typically is directly proportional to the 
amount of current flowing through the contacts. As a result, a common failure mode 
for current interruptor assemblies results from the concentration ofthe AMFs at the 
center ofthe interrupter electrode. When the AMFs concentrate sufficiently at the 
center ofthe electrode, the vacuum arc constricts in the center ofthe electrode as well. 
The interruptor assemblies therefore fail at the current zero. However, a higher 
relative AMF strength is needed for smaller currents to be properly interrupted. 
[003] Accordingly, there is a need for a contact design where sufficiently 

large magnetic field strengths are created at lower current levels to interrupt the 
currents when necessary while also preventing the concentration ofthe AMFs ki the 
center ofthe interrupter electrodes at higher current levels. 

II. Summary of the Invention 

[004] The invention meets the foregoing need by utilizing satvirable magnetic 

materials in the interrupter assembly. In certain embodiments ofthe invention the 
saturable magnetic materials are placed in the interrupter contact body and/or 
electrode. Because the saturable magnetic materials exhibit a non-linear magnetic 
field strength in response to changes in electric current, the inclusion of saturable 
magnetic materials in the interrupter assembly results in the redistribution ofthe 
magnetic flux within the interrupter contact assembly appropriate for the electrical 
conditions being experienced within the assembly at any moment in time. In other 
words, unlike the prior art, the magnetic field strength in the inventive interruptor 
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assembly responds in a non-linear relationship vis-a-vis the current flowing through 
the assembly. 

[005] The invention may reside in any number of forms, including an 

interruptor assembly comprising a contact having a center and an outer edge, the 
contact comprising a combination of electrically conductive material and magnetic 
materials, the magnetic materials arranged within the contact so that an axial magnetic 
field produced in the contact under relatively low current conditions has a 
substantially constant strength from the contact center to the contact outer edge. 
[006] The invention may also be in the form of an interrupter assembly 

comprising a contact having a center and an outer edge, the contact comprising a 
combination of electrically conductive material, a first magnetic material, and a 
second magnetic material, the first magnetic material located near the contact outer 
edge and having a high magnetic saturation point and a high magnetic permeability, 
the second magnetic material located near the contact center and having a low 
magnetic saturation point and a low magnetic permeability. 
[007] Yet another form the invention may take is an interruptor assembly 

comprising a contact havmg a center and an outer edge, the contact comprising a 
combination of electrically conductive material, a first magnetic material, and a 
second magnetic material, the first magnetic material located near the contact outer 
edge and having a high magnetic saturation point and a low magnetic permeability, 
the second magnetic material located near the contact center and having a low 
magnetic saturation point and a high magnetic permeability. 

in. Brief Description of the Drawings 

[008] These and other features, aspects, and advantages of the invention will 

become better understood in connection with the appended claims and the following 
description and drawings of various embodiments of the invention where: 

Figs. 1 A and IB depict first embodiments of the invention; 

Fig. 2 depicts the magnetic field strength in certain magnetic materials 
within the first embodiment of the invention as a fimction of current level; 

Fig. 3 depicts exemplary magnetic flux distributions withm the first 
embodiment of the invention under various current conditions; 

Figs.4A and 4B depict second embodiments of the invention; 
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Fig. 5 depicts the magnetic field strength in certain magnetic materials 
within the second embodiment of the invention as a function of current level; 

Fig. 6 depicts exemplary magnetic flux distribution with the second 
embodiment of the invention under various current conditions. 

IV. Detailed Description of the Preferred Embodiments 

[009] Throughout the following detailed description similar reference 

numbers refer to similar elements in all the figures of the drawings. 
First Embodiment 

[0010] Figs. lA and IB depict first embodiments of the invention in the 

context of an interruptor assembly contact 100. Contact 100 comprises a contact stem 
103 integrally attached to a contact body 104, meaning that contact 100 may be 
formed from stem 103 and body 104 in any number of ways as will be understood by 
one skilled in the art. For instance, contact 100 may be of a unitary construction 
having the form of stem 103 and body 104, stem 103 and body 104 may comprise 
separate pieces that are joined together in a suitable manner to form contact 100, and 
the like. In any event, contact stem 103 and contact body 104 substantially comprise 
electrically conducting material(s). The upper portion 107 of contact body 104 is 
typically referred to as the main contact. 

[0011] The contact body 1 04 portion of contact 1 00 in the first embodiment 

further comprises a combination of magnetic materials 101 and 102. Magnetic 
material 101 is in annular m form and located toward the outer circumferential edge 
105 of contact body 104. Magnetic material 101 has a high magnetic saturation point 
and high magnetic permeability, ^ir- Magnetic material 102 on the other hand is m the 
form of a solid disc located in and about the center 106 of contact body 104, and has a 
low magnetic saturation point and low magnetic permeability, jj.,. 
[0012] The operation of contact 100 is as follows. When current is flowing 

through contact 100 the overall magnetic field distribution within contact 100 is 
modified due to the presence of magnetic materials 101 and 102. At low contact and 
arc currents, where the AMF is sufficient in the center of contact 1 00 to keep the arc 
diffiise but not sufficient or even zero at the edges of contact 100, magnetic material 
101 attracts and magnifies the magnetic field at the edges due to its high ^r- At higher 
current levels when the arc has a tendency to concentrate in the center of contact 100 
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due to otherwise high AMFs, which may cause significant damage to the contact 100 
and resuh in the failure to interrupt current when necessary, magnetic material 102 
saturates. Magnetic material 102 saturating at higher current levels in turn causes 
AMFs to dampen, thereby preventing the arc from concentrating in the center of 
contact 100 and becoming constricted. 

[0013] Fig. 2 depicts the magnetic field strength, B, in magnetic materials 101 

and 102 as a function of increasing current level, I. Plot 201 depicts the magnetic 
field strength in magnetic material 101 as the magnitude of the current passing 
through it increases. Plot 202 depicts the magnetic field strength in magnetic material 
102 as the magnitude of the current passing through it mcreases. Note that in both 
magnetic material 101 and 102 the magnetic fields increase at first as the magnitude 
of the current increases, but at different rates, the difference in rates being due to the 
different magnetic permeabilities. The magnetic fields in materials 101 and 102 
ultunately level off and remain at nearly constant (although different) values despite 
larger and larger amounts of current passing through the materials. 
[0014] Fig. 3 depicts exemplary AMF flux distributions within the first 

embodiment of the invention under higher and lower arc current conditions. Plot 301 
depicts the AMF strength versus distance fi:om the center of contact 100 at lower 
relative current levels. Plot 302 depicts the AMF strength versus distance from the 
center of contact 100 at higher relative current levels. Note that the AMF in contact 
100 is a relatively constant value as distance increases from the center of contact 100 
until a point near the contact 100 radius (i.e., outer circumferential edge 105 above) is 
reached where the AMF strength drops off towards a zero value - slowly in the 
presence of lower relative current levels and rapidly in the presence of higher relative 
current levels. Note also that the increase of AMF from plot 301 (at lower current 
levels) to plot 302 (at high currents) is relatively smaller at the center than at a 
distance from the center. This is due to the combined action of the two different 
magnetic materials 101 and 102. 
Second Embodiment 

[0015] Figs. 4A and 4B depict second embodiments of the invention in the 

context of an interruptor assembly contact 400. Contact 400 comprises a contact stem 
403 integrally attached to a contact body 404, meaning that contact 400 may be 
formed from stem 403 and body 404 in any number of ways as will be vmderstood by 
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one skilled in the art. For instance, contact 400 may be of a vmitary construction 
having the form of stem 403 and body 404, stem 403 and body 404 may comprise 
separate pieces that are joined together in a suitable manner to form contact 400, and 
the like. In any event, contact stem 403 and contact body 404 substantially comprise 
electrically conducting material(s). The upper portion 407 of contact body 404 is 
t5T)ically referred to as the main contact. 

[0016] The contact body 404 portion of contact 400 in the second embodiment 

further comprises a combination of magnetic materials 401 and 402. Magnetic 
material 401 is annular in form and located toward the outer circumferential edge 405 
of contact body 404. Magnetic material 401 has a high magnetic saturation point and 
a low magnetic permeability, i^r. Magnetic material 402 on the other hand is in the 
form of a solid disc located in and about the center 406 of contact body 404, and has a 
low magnetic saturation point and a high magnetic permeability, fir- 
[0017] The operation of contact 400 is as follows. When current is flowing 

through contact 400 the overall magnetic field distribution within contact 400 is 
modified due to the presence of magnetic materials 401 and 402 even more than with 
design of the first embodiment of the invention. At low and moderate relative contact 
and arc current levels the AMFs are concentrated towards the center of contact 400 
due to the high permeability of magnetic material 402. In this way the performance of 
the interruptor assembly may be improved for high reliability switching operations 
where, for example, very low contact restrike level is required. One such application 
is capacitor switching. The presence of magnetic material 402 confines the diffuse 
arc towards the center of contact 400 at low and moderate current levels (for normal 
load switching of the capacitor banks), thus the expansion of the arc plasma outside 
the main contact area is limited and the probability of restrikes is significantly 
reduced. At high relative current levels magnetic material 402 saturates and no longer 
concentrates the AMFs and the arc in and about the center of contact 400. Rather, 
magnetic material 401 begins to play the dommant part in shaping the AMF flux 
distribution, enhancing the magnetic field at the outer circumferential edges 405 of 
contact 400. In other words, at higher relative current levels the presence of magnetic 
material 401 equalizes the distribution of the arc plasma and ensures that it remains 
diffiise. The highly non-linear distribution of the magnetic field strength at higher 
relative current levels effectively compensates the pinch effect of the arc current. 
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[0018] Fig. 5 depicts the magnetic field strength, B, in magnetic materials 401 

and 402 as a function of increasing current level, I. Plot 501 depicts the magnetic 
field strength in magnetic material 401 as the magnitude of the current passing 
through it increases. Plot 502 depicts the magnetic field strength in magnetic material 
402 as the magnitude of the current passing through it increases. Note that in 
magnetic material 402 the magnetic field strength increases sharply but then quickly 
levels off and remains at a nearly constant value despite larger and larger amounts of 
current. In magnetic material 401 though, the magnetic field strength increases 
slowly and substantially linearly to a pouit where it then levels off and remains at 
nearly constant level despite the presence of more and more current. Unlike the fu-st 
embodiment, the current level at which the magnetic field strength no longer increases 
despite the presence of more current is much higher for the outer, annular shaped 
magnetic material that for the inner, disc shaped magnetic material. 
[0019] Fig. 6 depicts exemplary AMF flux distributions within the second 

embodiment of the invention under higher and lower arc current conditions. Plot 601 
depicts the AMF strength versus distance from the center of contact 400 at lower 
relative current levels. Plot 602 depicts the AMF strength versus distance from the 
center of contact 400 at higher relative current levels. Note that the AMF strength 
under low current conditions in contact 400 is a relatively constant value as distance 
increases from the center of contact 400 until a point near the contact radius (i.e., 
outer circumferential edge 405 above) is reached where the AMF strength slowly 
drops off towards a zero value. The AMF strength under higher current conditions 
however gradually becomes stronger as distance from the center of contact 400 until a 
point near the contact radius is reached where the field strength ceases to increase and 
then rapidly drops off towards a zero value. 
Conclusion 

[0020] While the invention has been described in connection with the 

embodiments depicted in the various figures and appendices, it is to be understood 
that other embodiments may be used or modifications and additions may be made to 
the described embodiments without deviating from the spirit of the invention. 
Therefore, the invention should not be limited to any single embodiment whether 
depicted in the figures or not. Rather, the invention should be construed to have the 
full breadth and scope accorded by the claims appended below. 
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